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[57] ABSTRACT 

Calcium superoxide is prepared in high yields by 
spreading a quantity of calcium peroxide diperoxyhy- 
drate on the surface of a container over an area of 18 to 
300 cm^ per gram of diperoxyhydrate; positioning said 
container in a vacuum chamber on a support structure 
through which a coolant fluid can be circulated; par- 
tially evacuating said vacuum chamber, allowing the 
temperature of the diperoxyhydrate to reach to a level 
within the range of about 0® to about 40* C, with the 
assistance of an external source of heat or liquid coolant, 
as needed; maintaining the temperature selected for a 
period of time sufficient to complete the disproproria- 
tion of the diperoxyhydrate to cicium superoxide, cal- 
cium hydroxide, oxygen and water; while maintaining 
the partial vacuum, constantly and systematically re- 
moving the water as it is form^ by sweeping the react- 
ing material with a current of dry inert gas and/or by 
condensation of said water on a cold surface; backfilling 
the chamber with a dry inert gas; and finally recovering 
the calcium superoxide produced. 

11 Claims, 7 Drawing Figures 














U. S. Patent July 18, 1978 


Sheet 1 of? 


4 , 101,644 



PRESSURE 

RECORDER 












Uo S. Patent July is, 197S sheet 2 of 7 


4,101,644 



FIG. 


O SUPEROXIDE 
□ PEROXIDE 



FIG. 






PERCENT SUPEROXIDE AS Ca(0 


U.S. Patent JulylS, 1978 sheet 4 of? 


4,101,644 



0 12 3 4 5 

TIME, hr 

FIG. 4 


PERCENT PEROXIDE AS CaOa 


U.S. Patent July is, 197S Sheet 5 of 7 


4,101,644 



NITROGEN FLOW RATE, cm^ STP/min 

FIG. 5 




U.S. Patent July is, 197S sheet 7 of 7 


4,101,644 



FIG. 7 


1 


4,101,644 


2 


PROCESS FOR THE PREPARATION OF 
CALaUM SUPEROXIDE 

ORIGIN OF THE INVENTION 

The invention described herein was made in the per- 
formance of work under a NASA contract and is sub- 
ject to the provisions of Section 305 of the National 
Aeronautics and Space Act of 1958, Public Law 85-568 
(72 Stat. 435; 42 U.S.C. 2457). 

DESCRIPTION OF THE PRIOR ART 

Interest has centered upon various materials contain- 
ing a rather high percentage of oxygen which, upon 
decomposition, liberate molecular oxygen. These mate- 
rials can function as sources of oxygen in self-contained 
breathing apparatus and they also possess the capability 
of removing carbon dioxide from gaseous mixtures. 
Materials which have been investigated for these uses 
include alkali metal superoxides such as potassium su- 
peroxide. While this latter substance is commonly used, 
its efficiency is greatly diminished by a tendency to 
become encased in hydrous coatings of reaction prod- 
ucts. Although this problem can be somewhat alleviated 
by improved canister design and by mixing with a dry- 
ing agent such as a molecular sieve, a need continues to 
exist for a peroxide material which has a higher oxygen 
yield, a greater capability of removing carbon dioxide 
and, desirably, no surface problems. These objectives 
have ultimately led to the development of calcium su- 
peroxide as a source of oxygen. 

Calcium superoxide has been made by the reaction of 
calcium hydroxide with hydrogen peroxide. But, at 
best, yields ranging from 35 to 55% have been obtained. 
Attempts to improve the purity of the reaction product 
have been made, including the lyophilization of said 
product but, unfortunately, the higher yields achieved 
have not been reproducible on a routine basis, the reac- 
tion conditions being still imprecisely understood or 
incompletely controlled. 

Accordingly, one object of the present invention is to 
provide a method of obtaining calcium superoxide in 
yields of purity higher than heretofore obtained from 
calcium peroxide diperoxyhydrate. 

Another object is to provide a vacuum chamber ap- 
paratus for the degradation of Ca02.2H202 under con- 
trolled conditions of temperature and pressure. 

Still another object is to devise means for further 
purifying Ca02.2H202 by removing excess water and 
hydrogen peroxide from the material prepared by the 
reaction of calcium peroxide octahydrate with hydro- 
gen peroxide. 

SUMMARY OF THE INVENTION 

Briefly, these and other objects of the present inven- ; 
tion as shall hereinafter become apparent, can be at- 
tained by a method which comprises: spreading calcium 
peroxide diperoxyhydrate on the surface of a container 
over an area of 18 to 300 cm^per gram of diperoxyhy- 
drate; positioning said container in a vacuum chamber i 
on a support structure through which a coolant fluid 
can be circulated; partially evacuating said vacuum 
chamber, allowing the temperature of the diperoxyhy- 
drate to reach to a level within the range of about 0° to 
about 40“ C, with the assistance of an external source of i 
heat or liquid coolant, as needed; maintaining the tem- 
perature selected for a period of time sufficient to com- 
plete the disproportiation of the diperoxyhydrate to 


calcium superoxide, oxygen and water; while maintain- 
ing the partial vacuum, constantly and systematically 
removing the water as it is formed by sweeping the 
reacting material with a current of dry inert gas and/or 
5 by condensation of said water on a cold surface; back- 
filling said chamber with a dry inert gas; and finally 
recovering the calcium superoxide produced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 A better understanding of the invention and of the 
several advantages attendant thereto will be readily 
obtained upon reference to the accompanying draw- 
ings. 

FIGS. 1 and 2 are schematic diagrams of different 
15 vacuum apparatus that can be used to carry out the 
processes of the invention. 

FIGS. 3 to 7 show plots of calcium superoxide per- 
centage of purity obtained, versus various process pa- 
rameters such as temperature (FIG. 3), reaction time 
20 (FIG. 4 ), inert gas flow (FIG. 5), chamber pressure 
(FIG. (Q, and chamber pressure when an inert gas 
sweep is employed (FIG. 7). 

DETAILED DESCRIPTION OF THE 
25 INVENTION 

Calcium superoxide is generally prepared from cal- 
cium peroxide diperoxyhydrate, a compound which 
will spontaneously undergo disproportionation unless 
stored at very cold temperatures such as that of liquid 
30 nitrogen. The disproportionation reaction takes place as 
follows: 

2 Ca02.2HA-^ Ca(OH)2 + C&{0^2 + 3/2 O 2 

35 In past attempts to form calcium superoxide in this 
manner, it was found that when 1 gram of the perox- 
ydihydrate was decomposed at 40® C for 1 hour while 
spread over an area of 100 cm^ under a pressure of 6 jitm 
Hg, a yield of about 55% superoxide was obtained. 
Reducing the pressure to lO^"^ /im Hg however, actu- 
ally lowered that yield. It was explained, at the time, 
that the yield of 55.4% purity was close to the theoreti- 
cal level predicted for the equimolar disproportionation 
reaction just illustrated (58.4%) and that not much im- 
provement was therefore possible. In any event, there 
shall now be disclosed in detail techniques which signif- 
icantly raise the superoxide purity yield over that which 
might be expected from the postulated disproportion- 
ation reaction. 

The method by which calcium peroxide diperoxyhy- 
drate is prepared is not critical. The preferred approach, 
however, involves the reaction of concentrated hydro- 
gen peroxide solution with calcium peroxide octahy- 
drate. 

PREPARATION OF CALCIUM PEROXIDE 
OCTAHYDRATE - Ca02.8H20. 

The octahydrate is prepared in a well known manner 
by reacting a soluble calcium salt hydrate, e.g., a halide 
or nitrate, with hydrogen peroxide in the presence of 
dilute aqueous ammonia at a temperature within the 
range of 0® to 4® C. Due to the fact that the reaction of 
the calcium salt with the peroxide is exothermic, the 
solutions are cooled before use and the combining pro- 
cess is carried out at a rate such that the system’s tem- 
perature remains lower than 4® C. The quantity of hy- 
drogen peroxide used need only be sufficient to form 
the peroxyhydrate, i.e., about 1 part by weight to 1.6 
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parts of, e.g., calcium chloride hexahydrate (CaCl2.6- 
H2O). The concentration of the hydrogen peroxide in 
aqueous solution normally approximates 2.4 to 2.5% by 
weight. A typical preparation will involve the combin- 
ing of a solution containing 2.5% hydrogen peroxide 5 
and 2.0% ammonia with a 20% by weight solution of 
CaCl2.6H20, the molar ratio of the salt to the peroxide 
thus being 1:4. The crystals of octahydrate produced 
are isolated and dried by any convenient technique such 
as filtration under a nitrogen, argon or other inert atmo- 10 
sphere, followed by exposure to a common desiccant. 
Drying the product in a flow of carbon dioxide free air 
at ambient temperature with a flow rate of 2.4 to 2.8 
1/min and a relative humidity of about 26%, will yield 
an octahydrate of about 100% purity. 15 

PREPARATION OF CALCIUM PEROXIDE 
DIPEROXYHYDRATE - Ca(02).2H202. 

This compound can be prepared from calcium perox- 
ide octahydrate by any number of methods, the most 20 
favored of which, from the practical point of view, 
involving the reaction of highly concentrated hydrogen 
peroxide upon the solid octahydrate, as described by 
Chamova et al. [Zhur. Neorg, Khinu, Vol. 2(2), pp. 
263-267 (1957)]. Solution of such concentrations, i.e., 89 25 
to 92% hydrogen peroxide can be prepared by well 
known techniques such as that described by Schmisse 
[in Handbook of Preparative Chemistry, second edition. 
Academic Press, New York, Vol. 1, pp. 140-141 
(1963)], in which a 90% H2O2 solution is obtained by the 30 
concentration of a 30% solution. 

Specifically, calcium peroxide diperoxyhydrate can 
be prepared by adding to solid calcium peroxide octa- 
hydrate a quantity of concentrated hydrogen peroxide 
sufficient to effect the chemical transformation. This 35 
operation is carried out at a rate which allows the tem- 
perature to be maintained at about — 15.5“ to — 15.0“ C, 
and takes place generally during a period within 0.75 to 
2 hours. Pressure is not critical, being nearly atmo- 
spheric. The crystalline product obtained is separated 40 
and dried by known techniques, e.g., by filtration and 
conventional desiccation, and is stored at low tempera- 
tures ranging from — 10“ to, preferably, about — 195“ C 
(liquid nitrogen level). A dry inert atmosphere may be 
employed for the operations just described. 45 

A better quality product may be obtained by washing 
the dried diperoxyhydrate with a cold dry inert polar 
liquid, e.g., dry isopropyl alcohol at —15“ to —18.5“, 
said liquid effectively removing additional quantities of 
excess water and hydrogen peroxide and reducing the 50 
particle size of the product from a maximiun diameter of 
about 0.3 mm to 0.01 mm. After the washing, the crys- 
tals are separated from the liquid and dried, preferably 
in a flow of carbon dioxide-free air of controlled rela- 
tive humidity (0 to 0.5%). A product having the theo- 55 
retical ratio of calcium and active oxygen is thus ob- 
tained. 

A fundamental consideration upon which are based 
the improvements contributed by this invention to the 
conversion of calcium oxide diperoxyhydrate, is the 60 
belief that it is essential to remove the water evolved 
from the diperoxyhydrate decomposition zone of the 
reactor before that water has had time to react with the 
superoxide product formed by said decomposition. The 
removal can be effectively achieved, it has now been 65 
discovered, by employing, jointly or separately any of 
the following techniques, namely: condensing the 
evolved water on a cold surface, sweeping said water in 
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a controlled manner away from the reaction zone, and 
controlling the pressure in order to increase the mean 
free path of the evolved water molecules. The removal 
of the heat produced by the decomposition reaction has 
also been improved by adjusting these and other factors 
and parameters, as shall be disclosed in the course of the 
subsequent description of the preferred apparatus and 
process embodiments provided to illustrate but not limit 
the invention. 

One type of apparatus which has been found success- 
ful in accomplishing some of these goals is shown sche- 
matically in FIG. 1 in the form of a cross-shaped vac- 
uum chamber which provides (1) sufficient space for a 
sample of Ca02.2H202 to be spread uniformly over an 
area sufficient to allow the ready evaporation of 
evolved water and (2) a cold surface on which this 
water is either condensed or frozen. 

The structure and the general operation of the appa- 
ratus of FIG. 1 can be described as follows: 

in arm Ic of vacuum chamber 1 is provided a cooling 
table 3 supported by conduits 5 and 7 through which a 
liquid coolant is circulated from a constant temperature 
bath 6. The desired quantity of Ca02.2H202 to be de- 
composed is uniformly spread in flat shallow container 
9 which is placed onto table 3. 

Cold surface 11 which is provided in arm lb for the 
condensation of the evolved water can be of any conve- 
nient shape or size and is most commonly a device 
known as a cold finger. Cold surface 11 can be cooled 
by a liquid, including liquid nitrogen, preferred, and dry 
ice-cooled methyl alcohol, said liquid being supplied 
from a reservoir 13 via conduit 12 through endplate 15. 
Endplate 15 is provided with a second opening to 
which conduit 14 is attached. The other end of conduit 
14 is connected to pump 17, such as a cryopump which 
in turn is connected to a liquid nitrogen reservoir 19 via 
conduit 18. The cryopump is capable of providing an 
effective pumping speed of at least 4.0 X 10"^mVsec at 
1 1 pm-Hg. Liquid nitrogen controller 21 activates the 
opening and closing of solenoid valve 20 via lead 23 as 
demanded by cryopump 17 via lead 25, The vacuum 
chamber 1 is basic^ly evacuated by a roughing pump 
protected by a cold trap (not shown) attached at the 
open end of conduit 27. The head gas of the liquid nitro- 
gen storage reservoir is open to the roughing pump via 
conduit 29 and valve 30. 

The sample of Ca02.2H202 in container 9 may be 
subjected to heat from a source 31 in arm la capable of 
heating the sample to about 80“ C, such as an infrared 
lamp, a heating coil or the like. By the controlled use of 
the coolant in coolant table 3 and heat source 31, the 
temperature of the Ca02.2H202 sample in container 9 
can be maintained to within ±1“ C over a range of 
—20“ to 80“ C. The heat output from source 31 is con- 
trolled by a proportional temperature controller 33 in 
series via lead 34 with rheostat 35. Thermocouple lead 
37 embedded in container 9 is connected to controller 
33 and lead 39 from source 31 is connected to controller 
33 through rheostat 35. The temperature of the contents 
of container 9 can be determined by embedding thermo- 
couple 41 in container 9 and attaching the other end of 
the lead to an electronic reference junction 40 con- 
nected to temperature recorder 45 via lead 43. 

The pressure within vacuum chamber 1 can be deter- 
mined by a suitable pressure sensor 50, such as a Bara- 
tron pressure head, connected to arm Ic of chamber 1 
through seal 53 via conduit 51. The pressure sensor is 
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then connected in series to pressure meter 54 and then 
pressure recorder 55 via leads 56 and 57 respectively. 

Arm Id of vacuum chamber 1 provides access to the 
interior of the chamber for the transport of reaction 
chemicals to and from container 9. When chemicals are ^ 
to be added to the device, the open end of arm Id is 
projected into the interior of a device such as a glove 
bag or glove box (not shown) which contains dry inert 
gas such as nitrogen or argon. Accordingly, the desired 
quantity of Ca 02 . 2 H 202 can be delivered to container 9 ^ 
under a totally inert atmosphere. Arm Id of chamber 1 
is sealed from the atmosphere by seal 60. 

FIG. 2 illustrates schematically another embodiment 
of a vacuum chamber that can be used to carry out some 
of the variations disclosed for the process of this inven- 
tion. In this drawing, numerals corresponding to similar 
ones in FIG. 1 are used to describe parts that have the 
same function as those in FIG. 1. Also, some metering 
and accessory processing equipment is not shown and is 20 
described by reference to FIG. 1. The apparatus con- 
sists of a vacuum chamber or reaction vessel 1 and a 
transfer chamber 4 connected together by attaching 
means 2 , and provided with porous plates, e.g., fritted 
glass plates 61 and 62. The scale of the drawing is too 25 
small to show the porous nature of the plates. The as- 
sembled vessels 1 and 4 are evacuated by means of a 
cryopump and a mechanical pump, as shown in FIG. 1, 
through conduits 14 and 16 joined by bellows seal valve 
18. Thermocouple probe 41 with tip submerged in re- 
acting material 90 on plate 61, is connected by lead 42 to 
a reference junction and a temperature recorder (not 
shown), as can be seen in FIG. 1. During operations, 
dry nitrogen gas is led to vessel 1 through conduits 70 35 
and 72 and heat transfer coil 71 in constant temperature 
bath 80. Pressure is monitored through conduit 51 and 
valve 52 by means of a sensor meter and recorder ar- 
rangement (not shown) in the manner of FIG. 1. Fi- 
nally, transfer chamber 4 is connected to nitrogen purge 40 
line 8 closed by valve 10. After completion of the reac- 
tion, the assembly 1 and 4 can be removed from bath 80 
by closing valves 10, 18, 52, 73 and 74 and disconnect- 
ing joint 75 in conduit 70. The assembly is then up- 
ended to allow the reacted material 90 to fall on plate 45 
62. Attaching means 2 are then removed, in an inert 
atmosphere, and transfer container 4 is sealed with an 
appropriate closure (not shown), if desired. 

The effectiveness of the method and apparatus de- 
scribed for preparing € 3 ( 02)2 from Ca 02 . 2 H 202 is de- 
pendent upon an assortment of variables which include 
the temperature and pressure at which the decomposi- 
tion reaction is conducted, the time for the decomposi- 
tion reaction, the quantity of Ca 02 . 2 H 202 spread over a 
unit area of the container in the vacuum chamber. More ^ 
specifically, the following limits have been found most 
satisfactory in the practice of the invention: (a) a spread- 
ing area of about 18 to about 300 cm^per gram of dipe- 
roxyhydrate; (b) a reaction time ranging from 60 to 90 ^ 
minutes at 30® C and 20 to 48 hours at 0® C; a reaction 
temperature within the range of —20® to 30® C; a mini- 
mum pressure of 1 /Ltm Hg for high purity yields and a 
maximum of less than 100 p,m; and finally, a maximum 
particle size between 0.50 and 0.01 mm. It shall be ap- 65 
preciated by the man skilled in the art that the actual 
selection of any specific parameter from these permissi- 
ble ranges is to some extent dependent upon the other 


6 

parameters used. For example, the quantity of perox- 
yhydrate per unit area can be significantly increased 
when the reaction temperature employed is lowered. 

In any event, the invention shall now be illustrated by 
means of examples which are not to be interpreted as 
limitations beyond the scope of the claims which follow 
this disclosure. 

EXAMPLE 1 

Calcium peroxide diperoxyhydrate was passed 
through a Tyler #48 sieve and spread uniformly in 
container 9 of the apparatus described in FIG. 1 with a 
spreading area of 155 to 159 cm^per gram. The material 
was heated for 130 minutes at a given temperature 
under a pressure of 3 to 220 /xm Hg. The reaction vessel 
was then backfilled with dry nitrogen and the product 
removed and analyzed for calcium superoxide content 
by an improved method which shall be discussed later. 

The temperatures employed in a series of prepara- 
tions carried out in the manner just described were 25®, 
30®, 40®, 50® and 60® C, and the results obtained in terms 
of Ca(02)2 and Ca02 contents are plotted in FIG. 3. As 
can be readily seen from those data, the € 3 ( 02)2 purity 
yields obtained in the range of about 30® to 40® € are 
higher than the 58.4% line representing the theoretical 
proportion of superoxide obtainable by the dispropor- 
tionation mechanism postulated by the art. 

EXAMPLE 2 

Other runs were carried out essentially in the manner 
of Example 1, employing the following conditions: 
material spread: 155 to 162 cm^per gram; temperature, 
30® €; and pressure, 6-78 p-m Hg. The decomposition 
reaction was conducted for 30, 60, 90, 120, and 240 
minutes and the results obtained are plotted in FIG. 4. 
As can be readily seen from the plot, the purity yields of 
superoxide ranged as high as 71 to 73% for a reaction 
time of 1 hour. Moreover, all yields were higher than 
those expectable from disproportionation (58.4%). As 
to the decreasing yields observed for reaction periods 
longer than 1 hour, it is believed that they can be attrib- 
uted to reactions between traces of evolyed water with 
the product. 

EXAMPLE 3 

In an apparatus of the type described in FIG. 2 and 
provided with the pressure and temperature monitoring 
equipment such as described in FIG. 1, several decom- 
position runs were made in which the evolved water 
and heat were removed from the reaction zone by pass- 
ing a current of nitrogen gas through the decomposing 
starting material. No cold surface was provided, as in 
the previous examples. 

The nitrogen gas used was first dried by passage 
through a liquid nitrogen trap and then adjusted to the 
reaction temperature selected by passing through a coil 
immersed in a constant temperature bath set at said 
temperature and in which the reaction vessel was also 
immersed, as shown in FIG. 2. The nitrogen was then 
passed through the porous support 61 and decomposing 
material, and was subsequently removed by the cryo- 
pump in the system. Table I shows the conditions used 
and the results obtained by varying the flow rate of 
nitrogen through the apparatus. 
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TABLE I 



Summary of Disproportionation Reaction Conditions and Product Analysis for Various Nitrogen Flow Levels 


Sample 

No. 

Temp.* 

“C 

Flow Rate^ 
cm^STP/min 

Chamber Pressure 
Background Initial 

nm Hg^ “ 
Maximum Final 

Spreading Area 

cmV“* 

Time^ 

h 

% 

^(^ 2)2 

% 

Ca02 

1 

30.0 

4.0 

15 

85 

110 

76 

79 

1.5 

48.5 

20.1 

2 

20.0 

4.0 

8 

80 

(150) 

90 

(115) 

79 

118 

3.0 

48.3 

19.2 

3 

20.0 

4.0 

5 

79 

90 

80 

157 

3.0 

49,1 

18.5 

4 

20.0 

8.1 

11 

80 

86 

80 

159 

3.0 

52.3 

15.3 

5 

20.0 

16.2 

5 

82 

85 

82 

158 

3.0 

59.4 

11.2 

6 

20.0 

24.5 

6 

89 

91 

89 

158 

3.0 

62.2 

8.1 

7 

20.0 

24.5 

4 

89 

90.5 

88 

158 

3.0 

62.4 

8.8 

8 

20.0 

32.5 

6 

91 

92 

91 

158 

3.0 

62.9 

9.0 


'• C + 273 = K 

^cm^STP/min X 16.67 = mm^STP s“* 

Vm Hg X 0.1333 = Pa 

^pressures in parentheses indicate momentary pulses during vigorous reaction 
X 3.6 = ks 


FIG. 5 illustrates the production of calcium superox- 
ide as a function of nitrogen flow in the reaction zone, 
all other factors being equal: temperature, 20® C; pres- 20 
sure, 80 to 90 fim Hg; time, 3.0 hours; and spread, 157 to 
159 cm2 pgj. gram. The relatively high purity yields 
indicate that nitrogen flow is effective in sweeping 
away evolved water before it can react with the super- 
oxide product. At high flow rates, the purity of the 25 
product increased beyond the disproportionation reac- 
tion theoretical yield of 58.4%, with maximum advan- 
tage obtained at around 30 cm^ STP per minute. At that 
level, the limiting factor becomes the rate of evolved 
water vapor diffusion within the reacting substance’s 30 
granules. 

EXAMPLE 4 

Calcium peroxide diperoxyhydrate was loaded in an 
apparatus of the type described in FIG. 1 at a charge of 35 
about 152 to 155 cm^per gram. The decomposition was 
allowed to take place at a temperature of 30® C for a 
period of 1.5 hours. The pressure in the reaction vessel 
was changed, in different runs, while the rest of the 
conditions remained substantially constant. The experi- 4 Q 
mental conditions employed and the results obtained are 
summarized in Table II and the superoxide purity yields 
are shown in FIG. 6 as a function of system pressure. As 
can be seen from this plot, the most advantageous pres- 
sure for the reaction under the conditions employed is 45 
about 90 fim Hg. Yields are definitely lower at higher 
pressures while they tend to decrease as the pressure 
becomes sufficiently low to impair the diffusion of the 


heat generated away from the reacting material. 





TABLE II 



50 


Disproportionation of Ca02 . 2 H 2 O; 
30* C* and a Range of Pressures' 

2 at 







Super- 

Per- 


Sam- 



Spreading 

oxide 

oxide 


ple 

Pressure Range^ 

Time^ 

Area 

% 

% 


No. 

ftm Hg 

h 

cmVg < 

Ca(02)2 

Ca02 

55 

1 

8.8-9.2 X 10^ 

1.5 

153.2 

34.9 

28.4 


2 

S.8-9.2 X 10^ 

1.5 

154.6 

51.0 

16.5 


3 

8.8-9. 1 X 10* 

1.5 

153.8 

63.5 

8.2 


4 

7-11 X ICP 
(usually 8.5- 
9.5 X 10*) 
S.8-9.2 X 10* 

1.5 

155.7 

61.5 

11.2 

60 

5 

1.5 

151.9 

63.6 

8.0 

6 

7.5-10.5 X 10° 

1.5 

154.4 

63.4 

9.7 



(usually 8.5- 







TABLE Il-continued 


Disproportionation of Ca02 . 2 H 2 O 2 at 
30** C* and a Range of Pressures 


Sam- 

ple 

No. 

Pressure Range^ 
^m Hg 

Time^ 

h 

Spreading 

Area 

cm^/g 

id) 

Per- 

oxide 

% 

Ca02 

7 

9.5 X 10°) 
0.4-6.3 X 10° 

1.5 

153,8 

61.5 

11.4 


(usually 1- 
3.7 X 10°) 






** C + 273 = K 
Vm Hg X 0.1333 = Pa 
X 3.6 = ks 


It should be noted however that when an inert gas 
sweeping system is employed, as in Example 2, the 
pressure considerations just discussed are irrelevant 
since the removal of the evolved heat and water from 
the reacting material is accomplished by the gas flow. In 
such circumstances, the lowest possible pressures are 
favored. This is clearly shown in FIG. 7 for 3 hour runs 
at 20® C with a spread factor of 158-159 cm^ per gram 
and a nitrogen sweep of 8 . 1 cc STP per minute. 

EXAMPLE 5 

Calcium superoxide was prepared with the apparatus 
and in the manner of Example 4, with the exception that 
a molecular sieve desiccant No. 5A (Union Carbide 
Corporation) was placed in close proximity to the react- 
ing material. Pressures of 8.8-9.2 X 10^ 8.8-9.5 X 10^ 
and 300-302 X 10^ fim Hg were employed. As can be 
seen from the superoxide yields plotted in FIG. 6 , the 
use of molecular sieve desiccant generally increases the 
purity yield of superoxide under higher pressure condi- 
tions. 

EXAMPLE 6 

Decomposition reactions were carried out in an appa- 
ratus of the type shown in FIG. 1, with the reactant 
container support 3 maintained at subambient tempera- 
tures, i.e., at about 0® C. The conditions employed were 
the same for each run except for the loading factor 
which was varied from 312 to 46 cm^per gram diperox- 
yhydrate. The effect of such cooling is clearly shown by 
the data summarized in Table III, wherein a fairly con- 
stant superoxide purity yield is recorded for all load 
levels shown. 

ABLE III 


LOW TEMPERATURE SPREADING AREA EXPERIMENTS WITH CaO, . 2H,0, REACTANT 

Temperature* Pressure^, jam Hg Time^ Spreading area % Superoxide"* % Peroxide^ 

Sample No. of dish, * C Initial Maximum Minimum h cmVg Ca02 . 2 H 2 O 2 as Ca(02)2 as Ca02 

i 0 OT" 018 Oji 20~ 312 594 \23 
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4 , 101,644 
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TABLE Ill-continued 



LOW TEMPERATURE SPREADING AREA EXPERIMENTS WITH CaO, . 

2H,0, REACTANT 

Sample No. 

Temperature' 
of dish, " C 

Initial 

Pressure^ tim Hg 
Maximum Minimum 

Time^ 

h 

Spreading area 
cmVg Ca 02 . 2 H 2 O 2 

% Superoxide^ 
as Ca( 02)2 

% Peroxide^ 
as Ca 02 

2 

Oto 1 

0,6 

0.65 

0.15 

21 

78 

60.3 

12.6 

3 

0 

0.6 

1.7 

0.4 

21 

36 

61.2 

11.7 

4 

0 to 1 

1.5 

U 

0.2 

24 

46 

59.3 

12.8 

5 

Oto 9 

2.5 

100 

1.0 

22 

18 

no analysis 

no analysis 

6 

0 

12 

63 

54 

22 

18 

no analysis 

no analysis 


C + 273 = K 
Vm Hg X 0.1333 = Pa 
X 3.6 = ks 


^from liquid water reaction at 273 K 
*from permanganate titration 


ANALYSIS OF CALCIUM SUPEROXIDE 

It has been observed that the analysis of superoxide 
product yields in the 70+% range is accompanied by 
some inconsistencies which have never been seen with 
low superoxide contents. To circumvent these inconsis- 
tencies, an analytical technique has been developed 
based on the following equation: 

Ca( 02)2 + nH 20 — Ca 02 .xH 20 + (n^x) H 2 O + 

O2 

The analysis is carried out by placing a sample of super- 
oxide in distilled water and allowing it to decompose, 
preferably at 0" C. Alternatively, the sample may be 
subjected to sufficient water vapor to decompose the 
superoxide completely. The oxygen evolved is col- 
lected and measured in conventional apparatus and the 
quantity of superoxide originally present is calculated 
according to the equation just given. The superoxide 
yields obtained in this manner have been found to be 
about four percent lower than those obtained from the 
same material by the acetic acid-diethylphthalate 
method that has been used heretofore. A complete de- 
scription and discussion of the new and the old analysis 
methods have been published by Ballou et al., “Tlie 
Preparation of Calcium Superoxide From Calcium Per- 
oxide Diperoxyhydrate,” Ind. Eng. Chem., Prod. Res. 
Dev., Vol. 16, No. 2, 180-186, 1977, first presented at 
the San Diego Intersociety Conference on Environ- 
mental Systems, July 12-15, 1976. Ballou et al. also 
describe in that article as well as in “The Preparation of 
Calcium Superoxide at Subambient Temperatures and 
Pressures” [Am. Soc. Mech. Eng., Paper 77-ENAS-55, 
Seventh Intersociety Conference on Environmental 
Systems, San Francisco, Cal., July 1 1-14, 1977], some of 
the variations that can be carried out by the man skilled 
in the art in the process of this invention without depart- 
ing from the spirit and the scope as defined by the ap- 
pended claims. The Ballou articles are therefore incor- 
porated into the present specification by reference. 

What is claimed is: 

1. A process for converting calcium peroxide dipe- 
roxyhydrate to calcium superoxide which comprises: 

(a) washing the calcium peroxide diperoxyhydrate 
with a dry polar solvent to obtain finely divided 
diperoxyhydrate; 

(b) spreading a thin layer of the finely divided washed 
diperoxyhydrate on the surface of a flat container 
over an area within the range of about 18 to about 
300 cm^per gram; 

(c) positioning said container on a support structure 
in a reaction chamber; 

(d) partially evacuating said chamber to a pressure 
not greater than about 500 /im Hg; 


(e) allowing said diperoxyhydrate to reach a tempera- 
ture not greater than about 40® C; 

(f) while maintaining said temperature, rapidly and 
systematically removing from the diperoxyhydrate 
zone the heat and water vapor released by the 
conversion of said compound; 

(g) backfilling the chamber with a dry inert gas; and 

(h) recovering the calcium superoxide produced. 

2. The method of claim 1 wherein the solvent is dry 
isopropyl alcohol at a temperature within —10® to 
-18® C. 

3. The process of claim 1 wherein the diperoxyhy- 
drate has a maximum particle size within the range of 
0.01 to 2.0 mm in diameter after washing. 

4 . The process of claim 1 wherein the removal of the 
water vapor is effected by condensation upon a cold 
surface located in the vicinity of the diperoxyhydrate. 

5. The process of claim 4 wherein said cold surface is 
cooled by liquid nitrogen. 

6. The process of claim 5 wherein the diperoxyhy- 
drate is kept at a temperature within the range of about 
30® to 40® C for a period of 60 to 90 minutes under a 
pressure within the range of 10 to 90 jam Hg, said tem- 
perature being maintained by the joint action of a cool- 
ant fluid circulating within the support structure and of 
a heat source. 

7. The process of claim 6 wherein the heat source is 
infrared radiation. 

8. The process of claim 6 wherein the coolant fluid 
has a temperature within the range of —20® to 17® C. 

9. The process of claim 8 wherein the diperoxyhy- 
drate is spread at a concentration within the range of 
about 36 to 300 cm^per gram and the temperature of the 
container is maintained at about 0® C for a period of 
about 24 hours. 

10. A process for converting calcium peroxide dipe- 
roxyhydrate to a calcium superoxide which comprises: 

(a) spreading a thin layer of finely divided calcium 
peroxide diperoxyhydrate on a flat porous support 
in a chamber over an area within the range of 145 
to 300 cm^ per gram; 

(b) partially evacuating said chamber to a back- 
ground pressure lower than 20 fim Hg; 

(c) allowing said diperoxyhydrate to reach a tempera- 
ture not greater than 40® C; 

(d) while maintaining said temperature and keeping 
the chamber pressure at a level not greater than 
about 90 |Ltm, passing a flow of cool dry inert gas 
through said porous support and diperoxyhydrate 
layer to sweep away evolved water and heat 
towards a liquid nitrogen cooled surface; 

(e) backfilling said chamber with nitrogen gas, after 
completion of the reaction; and 

(f) recovering the calcium superoxide produced. 

11. The process of claim 10 wherein the dry inert gas 
is nitrogen at a temperature of about 0® to 30® C. 

* m * * * 
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